SUMMARY To determine the role of cholinergic reflexes on pancreatic secretory response to food, we studied the effect of atropine on amylase secretion in response to the octapeptide of cholecystokinin (CCK8) and to intraintestinal oleate. Four studies were done in six healthy volunteers. The duodenal content was aspirated by a double lumen tube while synthetic secretin (41 pmol/kg/h) was infused as a background in all the studies. Graded doses of CCK8 IV or 0O42 M oleate pH 9.4 at 25 ml/h into the intestine with and without atropine 1.8 mg were given on different days. CCK-like immunoreactivity (LI) in the plasma was measured by RIA during the intraintestinal oleate studies. CCK8 stimulated pancreatic enzyme secretion in a dose related fashion, an effect that was not modified by atropine. Intraintestinal oleate also stimulated pancreatic secretion and increased the CCK-LI in the plasma. Atropine significantly (p<0O05) decreased the pancreatic enzyme secretion before and during intraintestinal oleate, without effect on the CCK-LI levels. We conclude: (1) that the effect of exogenous CCK on pancreatic secretion of enzymes is not affected by atropine; (2) intraintestinal oleate stimulates pancreatic enzyme secretion significantly by an atropine-sensitive mechanism; (3) probably the atropine effect is a blockade of a cholinergic enteropancreatic reflex.
Although it is generally accepted that gastrointestinal hormones play a predominant role in the pancreatic secretory response to intraintestinal stimulants,l observations both in dogs2-5 and man6
show that atropine and vagotomy reduce pancreatic enzyme secretion in basal conditions and during perfusion of food digestion products into the intestine. The atropine and vagotomy effect could be interpreted as either due to decreased sensitivity of the pancreas to cholecystokinin (CCK) stimulation or to an impaired release of CCK from the intestinal mucosa.3 4 Solomon and Grossman, more recently, based on studies on dog transplanted pancreas, proposed that atropine and vagotomy effects may result from the interruption of an enteropancreatic reflex.7 A similar study in humans cannot be done. The development of a radioimmunoassay for CCK8, however, that permits correlation of enzyme secretion with increments in EXPERIMENTAL DESIGN After an overnight fast, the subjects swallowed a rubber double-lumen tube. The tip, was positioned under fluoroscope guidance in the intestine at the level of the ligament of Treitz and the duodenal openings were located in the second and third portion of the duodenum. A small polyvinyl tube was attached to the rubber tube and was used to perfuse phenol red 30 ,ug/ml at 2 mllmin 5 For the next two studies, a second small polyvinyl tube was attached so that its tip was 6 cm distal to the tip of the rubber tube. STUDY 3 The assembly was swallowed and positioned into the intestine as previously. At the time of the beginning of the secretin infusion, the intestine was perfused through the fourth tube with 0.15 M saline solution at 25 ml/h. At the end of 30 minutes of saline infusion into the intestine, 50 ml 0.42 M sodium oleate, 300 m Osm/kg was perfused at 25 ml/h over two hours. Perfusates were prepared on the day of each experiment by dissolving sodium oleate (Sigma Chemical Co, St Louis, MO) in an aqueous solution of NaOH, pH 9.2-9.4 required for adequate dispersion.9 Duodenal aspirate was collected as in the previous studies. Occasionally some oleate refluxed to the duodenum noted by cloudiness of the aspirate. Whenever this happened, the samples were centrifuged and the supernatant discarded to avoid interference of oleate with enzyme determination. STUDY 4 Study 3 was repeated but this time the subjects also received 1.8 mg atropine, half the dose intravenously and the other half subcutaneously.
During the oleate infusion studies, 6 ml of blood was taken from a peripheral vein every 15 minutes from the beginning of the secretin infusion. The plasma was quickly separated, frozen and stored at -20°C until radioimmunoassay determinations for CCK-LI were done.
AMYLASE ASSAY
The volume of duodenal aspirate was measured to the nearest 0.1 ml. Amylase concentration was measured by a modified automated saccharogenic method. 10 Phenol red concentration in the duodenal aspirate was measured by comparing the absorbance of the aspirate with a standard at 530 nm. Amylase output in the aspirate was corrected for the recovery of phenol red which averaged 70%. The amount of phenol red recovered in the gastric aspirate averaged 7%.
RADIOIMMUNOASSAY OF CHOLECYSTOKININ-LIKE IMMUNOREACTIVITY
CCK-LI was measured by radioimmunoassay as previously described.8 Briefly, CCK-LI was concentrated by affinity chromatography, characterised by gel filtration and by radioimmunoassay with two antibodies, 5135 and 1611 with different specificity for CCK and gastrin. The antibody, 5135, was raised against synthetic non-sulfated octapeptide of CCK (CCK-8-NS, Squibb) conjugated to bovine serum albumin. This antiserum bounds all known molecular forms of CCK and gastrin. The inhibition dose 50 (ID50) was similar for synthetic nonsulfated and sulfated forms of CCK-8, gastrin-34 gastrin-17, and gastrin-14; between 3 and 4 pmol-ml incubation mixture. The binding to 99% pure porcine CCK33 (V. Mutt, Karolinska Institute, Stockholm) was 50% lower than that to CCK8. Non-sulfated CCK8 was labelled with 1251 using chloramine-T and purified by DE 11 anion exchange chromatography. Synthetic sulfated CCK8 was used as standard. The samples were also measured by gastrin radioimmunoassay using an antibody (1611) that binds all known molecular forms of gastrin and has less than 3% cross-reactivity with CCK8 and CCK33. Total immunoreactivity measured with antibody 5135 was corrected by subtraction of specific gastrin immunoreactivity measured with antibody 1611 for estimation of CCK immunoreactivity. Molecular forms of CCK were not further characterised in the present study.
Exogenous CCK8 administered in similar conditions to those of this study, caused graded increments in amylase secretion and a positive correlation was observed between amylase output and CCK-LI increments in the plasma. terms, the increments in amylase output over basal during 10, 30 and 90 ng/kg/h CCK8 respectively, were not significantly different from the increments during the same doses of CCK8 observed after atropine (9.5 vs 9.4, 20.4 vs 18-6, 31-6 vs 34.4 KU/15 min). The infusion of oleate into the intestine produced a significant increase in amylase secretion (Fig. 2) (Fig. 2) .
Discussion
The transfer of food from the stomach to the intestine evokes a prompt secretory response of pancreatic enzymes. This response seems to be mediated by neural and hormonal mechanisms arising from the duodenal mucosa, activated by products of fat and protein digestion. While our understanding of the hormonal mechanism has improved as measurement of the peptides has become available, the neural mechanisms responsible for stimulation have been investigated indirectly by observations of the effects of atropine and vagotomy.
Studies in dogs2-5 and in humans6 have shown that both atropine and vagotomy decrease the volume and output of enzymes of both basal secretion and the response to infusion of a mixture of essential amino acids into the intestine356 and oleate. 5 These results have been interpreted as evidence that: (1) there is a cholinergic tone that conditions the pancreatic secretory response to CCK and other gastrointestinal peptides; (2) the release of CCK as well as of those peptides by the intestinal mucosa is cholinergically dependent; or (3) that atropine and vagotomy interrupt or block a cholinergic 'enteropancreatic reflex'.7
The first possibility does not seem to be supported by our results or those of Malagelada et a16 which showed that vagotomy and atropine decreased insignificantly the enzyme secretion to graded doses of exogenous CCK. The second possibility is not compatible with the present observation as the release of CCK-LI was not decreased significantly by pretreatment with atropine while amylase output was significantly inhibited. In fact the increment of CCK-LI by infusion of intraintestinal oleate was not affected by atropine but the amylase secretion was approximately 40% of the output observed during the infusion of oleate without atropine. After atropine, oleate into the intestine still caused a small but significant increment of amylase secretion above pre-oleate levels. This increase in amylase output may represent a response to the increment in the plasma CCK that is not affected by atropine. Indeed, this increment in amylase output (approximately 4 KU/15 min) is similar to that observed in response to doses of exogenous CCK8 which caused comparable increment in plasma CCK-LI8 to those observed during intraintestinal oleate in the present study.
We8 and others'1 have found that most of the apparent CCK-LI detected with antibody 5135 in the basal state in man was because of gastrin or non-specific plasma effects that could not be removed by immuno-absorption. The increase in immunoreactivity, however, detected after intraintestinal oleate was due chiefly to increase in a peptide that resembled CCK8 on Sephadex G50 gel filtration. Finally, the increase in CCK-LI measured in the present study was similar in magnitude to those found after concentration of plasma by affinity chromatography by us" and by Calam et al.' l Regarding the release of other peptides by intraintestinal oleate, recent studies have shown that although oleate may release secretin in mani2 this effect is not affected by atropine. Although similar evidence for VIP is not available, this peptide is a very weak stimulant of pancreatic enzyme secretion and it seems unlikely that the inhibition in amylase output could be due to suppressed release of VIP.
As bile salts release secretin from the duodenum, mention should be made of the possibility that the decreased amylase output after atropine could be because of impairment of gall bladder emptying. This possibility is unlikely first because secretin alone is a weak stimulant of pancreatic enzyme secretion, and secondly because the subjects in this study received secretin continuously as a background which most likely would have minimised changes in secretin levels produced by gall bladder contraction.
Indirectly our results seem to provide evidence that atropine blocked a cholinergic mechanism, possibly the 'enteropancreatic reflex'. This concept has been supported solidly by observations in the transplanted pancreas in the dog. In this preparation, which interrupts the nerve connections between the intestine and the pancreas, atropine did not affect the secretory response of the transplanted pancreas to intraintestinal stimuli as it did in the non-transplanted pancreas, which retained its innervation.7 More recently, it was shown that tryptophan and oleate given intraduodenally in the dog had a shorter latency in the stimulation of amylase secretion, than intraportal CCK. Atropine and truncal vagotomy increased the latency suggesting that the early pancreatic enzyme response is mediated by a cholinergic vagal reflex. ' 
